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(57) Abstract 

A fluid sample contains a plurality of different types of 
particles of interest. The method sets a limit for the maximum 
volume of the fluid sample to be analyzed (102), a limit for each 
of the different plurality of particle types (104), and a limit for the 
maximum number of particles to be analyzed with the maximum 
number being less than the sum of the limits for each of the 
different types (106). An aliquot of the fluid sample including the 
particles therein are analyzed to determine the type of the particles 
(108). The total volume of aliquots analyzed is counted. The 
method is stopped in the event the total of aliquots counted equals 
or exceeds the limit for the maximum value (110). For each type 
of particle in the fluid sample determined,' a test is made if the total 
jiumber of particles determined equals or exceeds the limit for each 
particle type. 
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SELECTIVELY EMPHASIZING PARTICLES OF INTEREST FROM A FLUID SAMPLE FOR ANALYSIS 



Technical Field 

The present invention relates to a method, an 
apparatus, and an article of manufacture for 
analyzing different types of particles in a fluid 
sample, such that particular type or types of 
particles of interest may be selectively emphasized 
for analysis . 

Background of the Invention 

Methods and apparatuses for processing images 
and in particular images of biological particles in a 
fluid sample are well known in the art. See, for 
example, U.S. Patent No. 4,667,335 and 4,612,614 
assigned to the present assignee. In those prior art 
references, the apparatus uses a computer having a 
software program to determine various characteristics 
of particles and in particular biological particles 
under examination in an imaging signal. Thus, for 
example, various characteristics such as color, size, 
concentration, etc. can be determined by the 
processor. The processor then uses an algorithm 
incorporated in its software, to identify or classify 
each particle based upon the characteristics 
determined. 

In the prior art, a portion of a fluid sample is 
analyzed. The number of particles determined in that 
portion is counted. Another portion is then 
analyzed, and the number of particles determined from 
that portion is added to the total counted. This 
process continues until a maximum amount of time for 
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the fluid sample flowing through a flow cell at a 
substantially constant volume rate is reached or a 
maximum number of particles is counted. The former 
corresponds to a maximum volume of the fluid sample 
being analyzed, whereas the latter corresponds to a 
maximum concentration. 

The problem with this prior art method is that 
if there are a plurality of different types of 
particles in a fluid sample, and almost always for 
biological' fluid samples, there are, certain types of 
particles occurring in low concentration, may not be 
observed by this method. This is because, if the 
maximum volume is set low, to encourage greater 
throughput, the method of prior art invariably causes 
the method to stop after the larger concentration 
type of particles is observed. 

Brief Description of Drawings 

Figure 1 is a perspective view of an apparatus 
of this invention. 

Figure 2 is a perspective view of a flow chamber 
suitable for use with the apparatus of 
Figure 1 . 

Figure 3 is a schematic block diagram of the 
apparatus of Figure 1. 

Figure 4 (a & b) is a flowchart of the method of 
the present invention. 

Detailed Description of the Invention 

An apparatus 10 of the present invention is 
shown in Figure 1. The apparatus 10 includes a 
microscope 30 which is focused on an examination area 
18 of the microscope slide 20. The examination area 
18 is illuminated from below by a strobe light 32. 
The light 32 is directed at the microscope 3 0 in a 
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direction substantially parallel to the thickness of 
the slide 20. The strobe light 32 provides a 
periodic short duration light pulse, preferably one 
microsecond in duration, at a rate of one-sixtieth of 
a second, thereby forming a series of still optical 
images at the microscope 30. The output of the 
microscope 3 0 is focused on a CCD camera 34 which 
converts the optical image focused thereon into an 
electronic image. After each optical image, the 
slide 20 is moved so that another examination area 18 
is illuminated by the light 32. In this manner, a 
plurality of optical images are taken. 

The analog-to-digital converter associated with 
the camera 34 also segments each of the electronic 
images into a plurality of pixels, with each pixel 
corresponding to a defined portion of each image. 
Since biological particles can be examined in the 
examination area 18 of the microscope slide 20, a 
plurality of electronic images (each optical images 
is converted into an electronic image) contain images 
of the particles. 

The electronic images are then passed from the 
camera 34 to the processor 36. The processor 36 
processes each electronic image for display on 
display 52 . 

Alternatively, a flow cell 20a shown in Figure 2 
can be used in place of the microscope slide 20. The 
flow cell 20a is of the type fully described in U.S. 
Patent No. 4,338,024. A fluid, such as urine or 
blood, is sent into the flow cell 20a through first 
input 17a. Sheath fluids are provided to the flow 
cell 20a through the second inputs 19a. The fluid 
sample is moved through the flow cell 20a in the 
direction shown by arrow A. The fluid sample is 
distributed over an extended area 18a, which has a 
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width many times the thickness, with each measured 
perpendicular to the direction of flow. The fluid 
sample is distributed such that the particles 
substantially do not overlap one another in the 
extended area 18a, The fluid sample in the flow cell 
20a is placed under the microscope 3 0 with the 
microscope 3 0 focused on the extended area 18a. As 
the fluid sample moves through the flow cell 20a, the 
microscope 30 takes an optical image of the fluid in 
the viewing area 18a. Since the fluid is moving, the 
apparatus 10 is held stationery. Thus, the images 
formed at the microscope 30 are of different portions 
of the fluid sample. 

The processor 36 is shown in greater detail in 
block schematic form in Figure 3. 

The processor 36 includes a Frame Grabber and 
Memory 40 which receives the electronic image from 
the camera 34. The output of the Frame Grabber and 
Memory 40 is supplied to an Additional Refresh Video 
Memory 42, which is a memory dedicated to refreshing 
the video signal provided to a color monitor 52. The 
output of the Video Memory 42 is connected to a D/A 
converter 43 which is coupled to the color monitor 
52. 

The Frame Gabber and Memory 40 is also coupled 
to a Bus 44 and to a Central Processing Unit 46. 
Memory 48 is also connected to the Bus 44. In 
addition, a disc controller 60, with a floppy disc 
drive 62 attached thereto, is also connected to the 
Bus 44. The processor 36 also comprises a 
clock/calendar 64 connected to the Bus 4. A serial 
port 66 with a printer 68 are also connected to the 
Bus 44. A Memory- to -Memory DMA 70 connects the 
Additional Video Memory 42 to the Bus 44. A prime 
generator 72 with a prime memory 74 are also 
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connected to the Bus 44 . The prime generator 72 also 
activates the strobe 32. 

The display 52 can be a unit manufactured by 
Elo-Graphics, Inc. Such a display unit 52 has a 
touch screen, i.e., the display screen can accept 
tactile feedback signal (s) from the user. When the 
images of the particles are displayed, the user can 
edit the display. This is accomplished by touching 
the touch screen in the particular area where the 
image of the particle is to be edited. The processor 
36 acknowledges the activation of the screen 52 by 
the user. 

Each electronic image from the camera 34 is 
stored in the Frame Grabber and Memory 40. The CPU 
46 can execute well known software to process the 
electronic image of the fluid sample, as imaged by 
the camera 34, including the determination of the 
type of particles in the electronic image. In 
addition, the CPU 46 can execute the software whose 
flow chart is shown in Figure 4, which implements the 
method of the present invention, and which will be 
explained in greater detail* hereinafter. The 
processed images are stored in the Memory 42 which 
are supplied to the monitor 52 for display. For long 
term storage, the images can be stored on a 
peripheral device such as a floppy disc 62. The 
prime generator 72 detects the edge of the particle 
in the electronic image. The operation of the prime 
generator 72 is the subject of U.S. Patent No. 
4,538,299 and is incorporated herein by reference. 

The method of the present invention will now .be 
explained with reference to Figure 4 . 

The program that is executed on the CPU 4 6 
begins with the block 100. At step 102, the user 
sets the maximum volume that the flow cell 20a or the 
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microscopic slide 20 will analyze. In the event of a 
flow cell 20a, the user can also select the maximum 
examination volume (by setting the time in which the 
fluid sample will flow through the flow cell 20a, at 
a substantially constant rate) . In the preferred 
embodiment, the maximum volume of the fluid sample 
flowing through the flow cell 2 0a is set as the 
maximum number of frames of images taken by the CCD 
camera 34, with the assumption that each frame of 
image represents a unit volume of the fluid sample 
flowing through the flow cell 20a. Alternatively, 
the maximum volume for the system 10 to analyze or 
the maximum time under which the fluid sample will 
flow through the flow cell 20a can be set as a 
default parameter in the system 10. 

At step 104, the limits for each of the 
different plurality of types of cells are set. Here 
again, these limits can be set by the user or may be 
"default" values of the system 10. Thus, for 
example, if there are J types of different biological 
particles or cells of interest, each of those types 
of .particles, e.g. P a , P b , "... has a limit of A, 

B, ... J associated therewith. In one embodiment, 
the maximum number of particles of a particular type 
is set based upon a type of display on which the 
particles are to be displayed (e.g., how many 
particles can be displayed based upon the display 
type) . 

At step 106, the maximum number of particles 
which the system 10 will analyze is also set.. This 
again, can be set by the user or can be a system 
default value. The maximum number of particles Mp is 
set to be less than or equal to the sum of the limits 
of the individual types of cells set in step 104, 
although in the preferred embodiment the maximum 
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number of particles Mp is set to be less than the sum 
of the limits of the individual types of cells set in 
step 104. In other words, 

Mp<A + B+ ... + J 
This limitation that, in the preferred embodiment, 
the maximum number of particles be less than the sum 
of the individual types particles, as will be seen, 
is so that if the maximum number of particles is set 
equal to the sum of the limits of the different types 
of cells, and if those individual particle limits are 
not reached, then the maximum particle, limit will 
never be reached. In that event, the process will be 
limited simply by the maximum volume or the maximum 
time. 

At step 108, an aliquot of volume of the fluid 
sample, is analyzed on the microscopic slide 20, 
either in a wet mount or in a dry smear, or through 
the flow cell 20a. The various particles are 
optically imaged and are converted to an electronic 
image by the camera 34 and processed by the processor 
36. Among the functions as previously discussed, the 
processor 36 determines the type of the particles 
imaged under the microscope 31. 

Each aliquot examined under the microscope 31 
either on the microscopic slide 20 or through the 
flow cell 20a has a certain volume. At step 110, the 
program determines whether the sum of all of the 
aliquots -examined thus far equals or exceeds the 
maximum volume limit set in step 102. If the maximum 
volume limit has been reached, then the process is 
terminated at step 112. If the maximum volume has 
not been reached, then the program continues. 

At step 114, the number of particles of any 
particular type that is found by the processor 36 in 
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the aliquot of volume of fluid sample analyzed is 
then counted for a particular particle type Pi. 

At step 116, the program determines whether the 
number of particles counted for a particular type of 
particle P L is greater than or equal to the limit set 
for that particle type in step 104. 

If the number of particles for the particle type 
Pi counted cumulatively is greater than or equal to 
the limit set in step 104, then the process bypasses 
step 118 and goes to step 120. If the number of 
particles for the particle type P A does not equal to 
the limit set in step 104, then the number of 
particles of type Pi found in the aliquot under 
examination is then added to the cumulative count of 
the number of particles of Pi found thus far, the 
image of the particle P L is stored, along with a count 
of the cumulative volume (or cumulative frame #) . 
The process then proceeds to step 120. 

At step 120, the program determines if this is 
the last type of particle P found in the aliquot 
under examination. If it is not, then the subscript 
or index for the particle type i is changed to a new 
index in step 122 and the loop reverts back to step 
114 for a determination of a different type of 
particle that has been determined in the aliquot. 
Therefore, in this manner, all of the particles in 
the current aliquot under examination are accounted 
for and the sum of the type of particles determined 
under the microscope 31 is then added to their 
respective count of the particles - provided that the 
sum of the particles for any particular particle type 
does not exceed the limit set in step 104. In 
addition, the particle images are stored along with a 
cumulative volume (or frame number) , corresponding to 
the aliquot. 
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At step 124, after all the particles determined 
under the aliquot of interest have been accounted 
for, the total number of all the particles examined 
thus far is determined. This is the sum of all the 
particles of all the different types found and is 
determined by the equation 

» 

3 

Sum = X p i 
i=a 

At step 126, the sum of all the particles is 
then compared to the maximum number Mp of particles 
limit 106. If the maximum number M p of particles 106 
is reached, then the process is terminated at step 
128. If the maximum number Mp of particles has not 
been reached, then the process reverts back to step 
108 where another aliquot of volume of the sample is 
analyzed either on the microscope slide 20 or through 
the flow cell 20a. Therefore, as can be seen from 
the foregoing, the process is stopped whenever the 
maximum volume has been reached or the maximum total 
number of particles examined in all the aliquots 
exceeds the maximum number of particles set in step 
106. 

After the method of the present invention has 
been performed, the processor 3 6 can calculate the 
concentration of each type of the particle Pi 
analyzed. The concentration calculation consists of 
simply taking the number of particles determined for 
each type of particle counted, divided by the volume 
of the fluid sample analyzed for each of the 
particular type of particle. Thus for example, the 
maximum volume is set at 1000 frames, the limit for 
particle type P a is set at 500, and the limit for 
particle type P b is set at 10. The limit for particle 
type P a is reached after 500 frames. The number of 
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particles counted for particle type P b for 1000 frames 
is 10. The concentration for particle type P a is 
500/500 or 1 particle per frame. The concentration 
for particle type P b is 10/1000 or 1 particle per 100 
frames . 

Similar to the disclosure set forth in Serial 
No. 363,394, filed on December 23, 1994, whose 
specification is incorporated herein by reference, a 
proportionate amount of each type of different 
particles analyzed can be displayed on the display 
means 52 in an ordered array by visually discernible 
characteristics. The electronic images of the 
particles of interest are displayed in an ordered 
array by each of the type of particles classification 
on the display means 52, with the number of particles 
within each classification or particle type, so 
displayed being proportional to the percentage 
determined of the total number of particles of 
interest displayed. The total number of particles of 
interest displayed is proportional to the total 
number of particles that were classified. 

In accordance with the disclosure set forth in 
U.S. Serial No. 363,394 filed on December 23, 1994, 
which is incorporated herein by reference, a user can 
edit the particles displayed. Thereafter, the 
processor 36 would recalculate the concentration of 
the particles based upon the editing step. This 
would consist of arithmetically adjusting the number 
of particles of each of the different types based 
upon the total volume counted, and the volume counted 
for each particle. Thus, in the above example, after 
displaying the particles on the display means 52, a 
technician determined that some particles (for 
example 5) of type P a were misclassif ied, and should 
have been classified as particle type P b , then the 
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proper concentration for each type of particles would 
be: P a = 495/500 and P b = 10/1000 + 5/500 = 20/1000. 
The correction is based upon the cumulative count of 
the original classification of the particle type P a 
and the cumulative volume, at various stages of the 
analysis . 

There are a number of ways to determine the 
various limits, set in steps 102, 104 and 106. With 
respect to the limit of the maximum volume, that can 
be set in one of several different ways. First, the 
maximum volume can be set based upon the desired 
throughput of the instrument. Therefore, if economic 
consideration is the only factor, then the maximum 
volume for analysis for each sample can be set such 
that the system 10 can process a desired number of 
samples per unit time. 

A second method is based upon the expected 
concentration of the various particles. Each of the 
types of particles has an expected concentration. 
The expected concentration value for the various 
particle types can be used to set the maximum volume 
to be analyzed per sample, subject to other 
limitations as described hereinafter. One other 
limitation is the precision of the count. As is well 
known, the precision of the count or the expected 
value of the coefficient of variation, Cv, is 
determined as follows: 
1 

Cv = n is the number of particles counted 

VHti 

From this, it can be seen that the limit for the 
maximum volume can be determined by the precision of 
the count desired for the different particle types. 

For example, suppose particle type P a has the 
highest or largest expected concentration. Suppose 
one desires a precision of (plus or minus) ten 
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percent (10%) for the count of particle type P a . 
Based upon the above equation, the minimum number of 
particles of particle type P a that must be examined is 
100. If the expected concentration of particle P a is 
.5 particles/frame, then the minimum number of frames 
is 200. 

Another limitation that can be used is the 
probability of detection. Suppose, particle type P e 
has the lowest or smallest expected concentration. 
It has an expected concentration of 1 particle/200 
frames. If only 200 frames were analyzed, then the 
probability of detecting one or more particles of 
particle type P e is only 63.2%. If.it is desired to 
detect one or more particles of particle type P e with 
a probability of 95.0%, then the expected number of 
particles must be 3 and 3 * 200 frames, or 600 frames 
should be examined. The following table illustrates 
the probability of observing the minimum or more of 
particles in a frame given the true or average number 
of particles per frame, assuming 100% of the volume 
is processed. 

Min. # Observed True number of Particles /Frame 

1 2 3 4 5 6 

1 .6321 .8647 .9502 .9817 .9933 .9975 

2 .2642 .5940 .8009 .9084 .9596 .9826 

This process of determining the maximum value 
based upon the expected concentration of each of the 
particles is continued, and the maximum volume is set 
based upon the greatest calculated maximum value from 
each of the particle type. 

From the foregoing, it can be seen that by using 
the expected concentration of each of the various 
types of particles and other limitations, such as 
precision of the count or the probability of 
detection, the maximum volume can be determined. 
Conversely, the maximum volume, the precision of 
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count for each of the different particle types, and 
the probability of detection for the .various 
different particle types can be optimized to yield 
values for the limits in steps 102 and 104 to 
optimize throughput (based upon, e.g. cost 
constraints) , and maintain sufficient statistical 
accuracy. 

One example of using the expected concentration 
is as follows. For example, for a sample of 
biological fluid, where the expected concentration of 
the various types of particles may be P a ■ having a 
concentration of 30 particles/frame; P b = having a 
concentration of .3 particles/frame; and P c « having a 
concentration of .1 particles/frame, the desired 
number of particles to be counted, based upon 
precision, or other factors, may be, for example: P a = 
450; P b = 30; and P c = 30, with a total particle count 
set at 500. Based upon the expected concentration, 
the number of expected frames to be analyzed would be 
15, 100 and 300 respectively. Thus, the maximum 
volume set in step 102 would be 300 equivalent volume 
frames. The limits of the particles set in step 104 
would be 4 50, 30 and 30 respectively. Finally, the 
maximum number of particles set at step 106 is such 
that M p is less than or equal to the sum of 450 + 30 + 
30 or 510. In this case the maximum Mp is set at 500. 

The advantage of the method and apparatus of the 
present invention is that particles of interest may 
be selectively emphasized. As can be seen from the 
foregoing, for example, for particle type P c , the 
method of the present invention can be used to 
emphasize the discovery of these particles in a 
particular sample. The various particle limits may 
be set to selectively emphasize different particle 
types . 
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Alternatively, the limits set forth in step 104 
may be based upon an inverse proportion to the 
concentration of the most populous type of particles. 

Finally, the limits set in steps 102, 104 and 
106 may be based upon an optimization process of a 
cost parameter associated with the method. There are 
three cost functions associated with the method: 
precision cost, detection cost, and run cost. 

Precision cost is the cost incurred for 
incorrectly estimating the number of a given particle 
type. This is usually calculated for particles 
having an expected large number, or populous particle 
type. It decreases as the number of particles 
counted increases, since the precision, as measured 
by the coefficient of variation Cv, improves 
inversely to the square root of the number of 
particles counted, discussed previously. 
Furthermore, at some point there is no further 
benefit obtained from an increase in precision. 
Thus, the precision cost (PC) may be expressed as: 

PC(n) = c - n*(c/p) if nsp 
= 0, otherwise 
where n is the number of particles counted, p is the 
maximum number of particles beyond which additional 
particle count would yield no additional precision 
benefit, and c is the maximum cost (if n = 0) . 

The detection cost is the cost incurred for 
failing to detect a particle or a number of particles 
of a given type. This is usually calculated for 
least populous particle type, where it is desired 
simply to detect the presence of one or more 
particles. Once the probability of detection exceeds 
a certain value, e.g. 99%, then there is no 
additional cost. This level of probability of 
detection may be varied. The probability of 
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detection is a function only of the expected 
concentration (or number of particles) . Thus, a 
simple model for this cost function is a "pulse" 
function model, which has a fixed cost as long as the 
particle count is below a given minimum. The cost is 
zero above this limit. Thus, the detection cost, DC, 
function is: 

DC(n) = c if nsp 

= 0, otherwise 
where n is the number of particles counted, p is the 
maximum number of particles beyond which detection 
cost is zero, and c is the fixed cost of detection 
until the limit is reached. 

Finally, run cost is the cost associated with 
the processing of a frame (or aliquot of volume) of 
information. In systems where there are many other 
processes occurring, simultaneously, frame processing 
cost is not incurred until after a minimum number of 
frames are processed, since other processes such as 
specimen preparation would preclude processing the 
next specimen until after a minimum time interval 
lapses. Once the minimum time (or minimum number of 
frames) has elapsed, a constant cost per frame is 
incurred which yields a linearly increasing cost 
function of the number of frames processed. The run 
cost (RC) function is as follows: 
RC(v) = (v-f)*c if vsaf 
as 0, otherwise 
where v is the number of frames analyzed, f is the 
number of frames beyond which run cost is incurred, 
and c is the fixed cost per frame beyond f . 

The total cost (TC) for running the analysis 
would be the sum of DC and PC for each particle, 
multiplied by their expected concentration, D, plus 
the RC. Thus: 
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j 

TC(v) = £ DCi (DiV) + PCi (DiV) 

The maximum number of frames to be analyzed, can 
be calculated based upon the value of v that would 
minimize the total cost TC. 

As can be seen from the foregoing, with the 
method and apparatus of the present invention, 
particles of interest that "normally" would not be 
detected because of their low concentration, but 
which are desirable for analysis, may be selectively 
emphasized resulting in a high probability of 
detection yet, with the system 10 still operating 
with high throughput. Although the method of the 
present invention has been described as being 
implemented in a flow cell, using liquid fluid 
samples, clearly the method of the present invention 
is not so limited. For example, the method can be 
used with a flow cytometer, impedance counters, 
powder particle analyzer, and the like, which can 
analyze gaseous as well as liquid fluids, in which 
different types of particles with different 
concentrations are present. 
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What is Claimed : 

1. A method of analyzing a fluid sample 
containing a plurality of different types of 
particles, said method comprising: 

a) setting a limit for the maximum volume of 
said fluid sample to be analyzed; 

b) setting a limit for the number of particles 
for each of said plurality of different 
types ? 

c) taking a volume of said fluid sample and 
analyzing each particle in said volume of 
said fluid sample including determining the 
type thereof; 

d) counting the total volume analyzed; 

e) stopping the method in the event the total 
volume counted in step (d) equals or 
exceeds the limit for the maximum volume 
set in step (a) ; 

f) testing, for each type of particle in the 
fluid sample determined in step (c) , if the 
total number of particles determined equals 
or exceeds the limit for said type set in 
step (b) ; 

g) adding the number of particles for each of 
said type determined in step (c) to the 
respective total number determined for said 
type, only if the total number of particles 
determined for that type does not equal or 
exceed the limit for said type, set in step 
(b) ; and 

h) reverting to step (c) in the event the 
method is not stopped by step (e) . 

2. The method of claim 1 further comprising: 
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i) calculating the concentration of each type 

of particles analyzed based upon the volume 

observed; and 
j ) displaying a proportionate amount of each 

type of different particles analyzed on a 

display means. 

3. The method of claim 2 further comprising: 
k) editing said particles displayed; and 

1) recalculating the concentration of the 

particles calculated in step (i) based upon 
the editing step (1) . 

4 . The method of claim 2 wherein said 
recalculating step (1) further comprises: 

arithmetically adjusting the number of 
particles of each different type per the volume 
counted based upon said editing step (k) . 

5. The method of claim 1 wherein each of said 
plurality of different types of particles has an 
expected concentration. 

6 . The method of claim 1 wherein said setting 
step (b) further comprises: 

multiplying the expected concentration of 
the expected most populous type by the limit for 
the maximum volume set in step (a) ; 

multiplying a multiple of the expected 
concentration of the expected least populous 
type by the limit for the maximum volume set in 
step (a) . 

7. The method of claim 1 wherein said setting 
step (a) comprises: 
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setting a maximum examination volume. 

8. The method of claim 7, wherein the step of 
setting a maximum examination volume includes setting 
a maximum time limit for said fluid sample flowing 
substantially constantly through a flow cell. 

9 . The method of claim 1 wherein said fluid 
sample is a liquid. 

10 . The method of claim 1 wherein said fluid 
sample is a gas . 

11. The method of claim 1 further comprising: 
calculating the limits of steps (a) and (b) to 

optimize the analysis. 

12. The method of claim 1 further comprising: 
displaying, on a display, particles of at least 

a particular one of said types, the display 
characterized by a display type; 

wherein step b) includes setting the limit for 
the maximum number of the particles of the at least a 
particular one of said type based upon the display 
type. 

13. The method of claim 1 further comprising: 
i) before the first execution of step (h) , 

setting a limit for the maximum of number 
of particles to be analyzed, said maximum 
number being less than or equal to the sum 
of the limits for each of said different 
types set in step (b) ; 
j) counting the total number of particles 
analyzed; and 
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k) stopping the method in the event the total 
number of particles counted in step (j) equals or 
exceeds the limit set in step (i) 

wherein step (h) includes reverting to step (c) 
in the event the method is not stopped by steps (e) 
or (k) . 

14. The method of claim 13, further comprising: 
calculating the limits of steps (a) , (b) and (i) 

to optimize the analysis. 

15. A system for analyzing a fluid sample 
containing a plurality of different types of 
particles, said system comprising: 

a flow cell having an imaging area for 
flowing said fluid sample through said imaging 
area ; 

an optical imaging means for capturing an 
optical image of said fluid sample at said 
imaging area and for converting said optical 
image into an electronic image; 

computer means for receiving said 
electronic image, and for executing a computer 
program for: 

a) setting a limit for the maximum volume of 
said fluid sample to be analyzed ; 

b) setting a limit for the number of particles 
for each of said plurality of different 
types; 

c) analyzing said electronic image to 
determine the particles therein including 
the type thereof; 

d) counting the number of aliquots of said 
fluid sample flowing through said flow cell 
to determine the total volume analyzed; 
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e) stopping the method in the event the total 
volume determined in step (d) equals or 
exceeds the limit for the maximum volume 
set in step (a) ; 

f) testing, for each type of particle in the 
fluid sample determined in step (d) , if the 
total number of particles determined equals 
or exceeds the limit for said type set in 
step (b) ; 

g) adding the number of particles for each of 
said type determined in step (c) to the 
respective total number determined for said 
type, only if the total number of particles 
determined for that type does not equal or 
exceed the limit for said type, set in step 
(b) ; 

h) reverting to step (c) in the event the 
method is not stopped by step (e) ; and 
display means for displaying said particles 

analyzed. 

16. The system of claim 15 wherein said 
computer program for further causing the display of a 
proportionate amount of each type of different 
particles analyzed to be displayed on said display 
means and an ordered array by visually discernible 
characteristics . 

17. The system of claim 16 wherein said 
particles displayed on said display means are 
displayed with each of said plurality of different 
types displayed in an ordered array on a display 
screen means, with the number of particles within 
each type so displayed being proportional to the 
concentration determined of the total number of 
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particles of interest displayed, with the total 
number of particles of interest displayed being 
proportional to the total number of particles of 
interest determined . 

18 . The system of claim 15 wherein said 
computer program for further causing the calculation 
of the concentration of each type of particles 
analyzed based upon the volume observed. 

19. The system of claim 18 wherein said 
computer program for further causing the editing of 
said particles displayed and for causing the 
recalculation of the concentration of each type of 
particles based upon the editing thereof. 

20. The system of claim 15, wherein step a) of 
the computer program, for setting a limit for the 
maximum volume of said fluid sample to be analyzed, 
includes setting a maximum time limit for said fluid 
sample flowing substantially constantly through a 
flow cell. 

21. The system of claim 15, wherein the 
computer program further comprises the steps of : 

i) before the first execution of step (h) , 

setting a limit for the maximum of numbers 
of particles to be analyzed, said maximum 
number being less than the sum of the 
limits for each of said different types set 
in step (b) ; 

j) counting the total number of particles 
analyzed; 

k) stopping the method in the event the total 
number of particles counted in step (j) 
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equals or exceeds the limit set in step 
(i), 

wherein step (h) includes reverting to step (c) in 
the event the program is not stopped by steps (e) 
or (k) . 

22. The system of claim 21, wherein the 
computer program further comprises : 

calculating the limits in steps (a) , (b) and (i) 
to optimize the analysis. 

23. An article of manufacture comprising: 

a computer usable medium having computer 
readable program code embodied therein for 
execution by a computer, the computer readable 
program code configured to analyze a fluid 
sample containing a plurality of different types 
of particles, the computer readable program code 
in said article of manufacture comprising: 

first computer program code means for 
setting a limit for the maximum volume of said 
fluid sample to be analyzed; 

second computer program code means for 
setting a limit for the number of particles for 
each of said plurality of different types; 

third computer program code means for 
analyzing the particles in an electronic image 
of said fluid sample including determining the 
type thereof ; 

fourth computer program code means for 
counting the total volume analyzed; 

fifth computer program code means for 
stopping the analysis in the event the total 
volume counted by said fifth computer program 
code means equals or exceeds the limit for the 
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maximum volume set by said first computer 
program code means; 

sixth computer program code means for 
testing, for each type of particle in the fluid 
sample determined by said fourth computer 
program code means, if the total number of 
particles determined equals or exceeds the limit 
for said type set by said second computer 
program code means; 

seventh computer program code means for 
adding the number of particles for each of said 
type determined by said fourth computer program 
code means to the respective total number 
determined, for said type, only if the total 
number of particles determined for that type 
does not equal or exceed the limit for said 
type, set by said second computer program code 
means ; 

eighth computer program code means for 
reverting to said third computer program code 
means in the event the analysis is not stopped 
by said fifth computer program code means. 

24. The article of manufacture of claim 23, 
wherein said computer readable program code in said 
article of manufacture further comprising: 

ninth computer program code means for 

calculating the concentration of each type of 

particles. analyzed; 

tenth computer program code means for 

displaying a proportionate amount of each type 

of different particles analyzed on a display 

means ; 

eleventh computer program code means for 
editing said particles displayed; and 
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twelfth computer program code means for 
reclassifying the concentration of the particles 
calculated by said twelfth computer program code 
means based upon fourteenth computer program 
code means. 

25. The article of manufacture of claim 24 
wherein said twelfth computer program code means 
further comprises: 

means for arithmetically adjusting the 
number of particles of each different type for 
the total volume determined by the fourth 
computer program code means based upon said 
eleventh computer program code means. 

26. The article of manufacture of claim 23 
wherein each of said plurality of different types of 
particles has an expected concentration. 

27. The article of manufacture of claim 26 
wherein said second computer program code means 
further comprises: 

means for multiplying the expected 
concentration of the expected most populous type 
by the limit for the maximum volume set by said 
first computer program code means; 

means for multiplying a multiple of the 
expected concentration of the expected least 
populous type by the limit for the maximum 
volume set by said first computer program code 
means . 

28. The article of manufacture of claim 23 
wherein said first computer program code means 
comprises : 
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means for setting a maximum examination 
volume. 

29. The article of manufacture of claim 28, 
wherein the means for setting maximum examination 
volume comprises : 

means for setting a time limit for said 
fluid sample to flow substantially constantly 
through a flow cell. 

30. The article of manufacture of claim 23, 
wherein the computer readable program code further > 
comprises : 

ninth computer program code means for 
setting a limit for the maximum of numbers of 
particles to be analyzed, said maximum number 
being less than the sum of the limits for each 
of said different types set by said second 
computer program code means; 

tenth computer program code means for 
counting the total number of particles analyzed; 
and 

eleventh computer program code means for 
stopping the analysis in the event the total 
number of particles counted by said ninth 
computer program code means equals or exceeds 
the limit set by said third computer program 
code means 

wherein said eighth computer program code means 
includes reverting to said third computer program 
code means in the event the program is not stopped by 
the fifth computer program code means or the eleventh 
computer program code means. 
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31. The article of manufacture of claim 30, 
wherein the computer readable program code further 
comprises : - 

computer program code means for calculating the 
limits in the first, second and ninth computer 
program code means to optimize the analysis. 

32. A method of determining the maximum volume 
of fluid sample for analysis, wherein said fluid 
sample has a plurality of different types of 
particles, with each of said plurality of different 
types of particles has an expected concentration, 
said method comprising: 

calculating the maximum volume for one or more 
of said plurality of types of particles based upon 
its expected concentration, and the desired precision 
of count; and 

selecting the greatest maximum volume calculated 
for each of the types of particles, as the maximum 
volume . 

33. The method of claim 32 further comprising 
the step of: 

calculating the maximum volume for one or more 
of said plurality of types of particles based upon 
its expected concentration, and the probability of 
detection desired. 

34. The method of claim 32, wherein said method 
further comprising the step of: 

calculating a parameter associated with the 
analysis of each of type of particles; and 

wherein said selecting step comprises selecting 
said greatest volume calculated based upon an 
optimization of said parameter calculated. 
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35. The method of claim 34 wherein said 
parameter is cost. 



WO 97/43620 



PCT/US97/07946 



1/4 




to 




CS2 

8 




CO 

m 




\ 

o 

SUBSTITUTE SHEET (RULE 26) 



WO 97/43620 



PCT/US97/07946 



2/4 



CM 



§1 
Si 



o 



CD 



CN1 



CO 



i. 



CD 



>- 
__i DC 

— 2 

CD LiJ 
<C CD 



A 



o 
CD 



c5 



GD 
DD 
<C 

<DT CD 
CD ^ 



>- 
or: 
o 



to . 



A 



CD 



Q_ 
CD 



CD 

IS 















LU 










QC o 


PR 







CO 
CO 



c 



oc 
o 



CD 



^ CD 

n lu 



CD 



CD 

CD F= 

O 
CD 



CD 
CO 



Q_ 
Cu 
CD 



to 



CC 
LU 

CD 



CD 



CD 
CD 

CD 



V 



to 



SUBSTITUTE SHEET (RULE 26) 



WO 97/43620 



PCT/US97/07946 



3/4 



^ Start 



100 



0- 



Set Maximum Volume or 
Maximum Time in flow cell 



Set limit P 0 = A 
Pb=B 

Pi = J 



102 



104 







Set limit Mox Porticle 
Mp < A+B+ J 








Analyze an aliquot of 
Volume and determine 
particle type 



106 



108 



. 110 

Does 

£ Aliquots ^ Yes 
Mox Vol. 

9 



112 

L 



-( STOP y 



No 



FIG: 4a 



SUBSTITUTE SHEET (RULE 26) 



WO 97/43620 



PCT/US97/07946 



4/4 




Add number of particles of Pj 
type found in aliquot to Pj; 
Keep cumulative count of 

aliquot; store particle image 



Change i to 
o new index 



T 

122 



I 




Sum = £ Pj 



i = o 




124 



118 



-C STOP ' ) 

r 



0- 



128 



No 



FIG. 4b 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US97/07946 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :C0IN 15/02. 15/06. 15/10, 21/84 

US CL :Please See Extra Sheet 
According to International Patent Classification (IPC) or to both national clarification and IPC 

a FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : Please See Extra Sheet 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
Please See Extra Sheet. 



G DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 4 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5,187,673 A (CARVER, JR. et at.) 16 February 1993, col. 1, 
line 44 through col. 2, line 23, col. 4, lines 58-60, and col. 5, lines 
30-33. 

US 4,667,335 A (DEINDOERFER) 19 May 1987, abstract, col. 1, 
lines 26-53, col. 2, lines 10-17 and 56-68, col. 5, line 32 through 
col. 6, line 34. 

US 4,933,884 A (LORENZ) 12 June 1990, abstract, col. 1, line 23 
through col. 2 line 41. 



1, 15, 23, 32 



1, 15, 32 



1, 15 



"xj Further documents are listed in the continuation of Box C. Q See patent family annex. 



• 


Special categories of eilad doc 




•A* 


document defining the general 
to ba of paruculer relevance 


Mate of (he an which is not considered 


•E' 


earner document pobhihad on 


or after the international firing date 


•L' 


document which any throw A 
eked to establish tha public* 


oubts on priority cUimd) or which is 
wo data of another citation or other 



•o* 
.p. 



aaoa(as 

1 referring to an oral disclosure, use. exhibition or other 
document published prior to the mteroeuooal filing dale but later than 



later document published after the tniernsuonel filing ds 
data and not in conflict with the app l icstion but cited t 
the principle or theory underlying the mvention 

document of particular relevance; the ctebned mvoaiion 
considered novel or cannot ba 



document of particular relevance; the 
considered to invoke en inventive step whan the 
ih one or mora other inch documents, lud 



being obvious to e person skilled in the aft 
document member of the soms patent family 



Date of the actual completion of the international search 
09 SEPTEMBER 1997 



Name and mailing address of the ISA/US 
Commissioner of Patent* and Trademarks 
Box PCT 

Waihington, D.C. 20231 
Facsimile No. (703)3050230 



Date of mailing of the international search report 




1 9 OCT 1997 



Todd Voeltz 
Telephone No. (703) 305-3900 



Form PCT/1SA/210 (second sheelXJu.y 1992)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US97/07946 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


US 4,706,207 A (HENNESSEY et al.) 10 November 1987, col. 1, 
line 67 through col. 2, line 10, col. 2, lines 53-60, col. 7, lines 56- 
66, col. 15, lines 27-66 and col. 16, lines 29-65. 


1. 15,32 



Form PCT/1SA/210 (continuation of second ibeetXJuty 1992)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US97/07946 



A. CLASSIFICATION OF SUBJECT MATTER: 
USCL : 

364/555.413.07.413.01,413.08,413.11; 324/71.4; 356/335-338; 128/630; 73/53.01. 61.71; 377/10.16; 382/128. 
133, 134. 224.000 

B. FIELDS SEARCHED 
Minimum documentation searched 
Classification System: U.S. 

364/555.413.07.413.01.413.08.413.11; 324/71.4; 356/335-338; 128/630; 73/53.01. 61.71; 377/10.16; 382/128. 
133. 134. 224.000 

B. FIELDS SEARCHED 

Electronic data bases consulted (Name of data base and where practicable terms used): 

APS Text and Image on-line searches, search terms: (analysis or analyz##*X10*Xft*rnple#(Sa)fluid#) and 
paitic!eff(7sXconcenlrationfl or typetf) and (particle*! or type* or concentration #X7aXmiximum# or limitf or total*) and 
(program # or computer*) and (time or cost or price*) 



Form PCT/1SA/210 (extra sheetXJuly 1992)* 



